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,QWURGXFWLRQ
7KHDXWRPDWLFYLVLRQEDVHGKXPDQDFWLRQUHFRJQLWLRQGLVWLQJXLVKHVWKHKXPDQDFWLRQDXWRPDWLFDOO\RQWKHVHTXHQFH
RIIUDPHV7KLVILHOGRIUHVHDUFKKDVDWWUDFWHGPDQ\UHVHDUFKHUVLQFRPSXWHUYLVLRQGXULQJUHFHQW\HDUV7KLVWRSLFKDV
WKHSRWHQWLDOWRDSSO\DQGXVHGLQGLIIHUHQWUHDOOLIHDSSOLFDWLRQVVXFKDVPRQLWRULQJWKHHOGHUO\KRPH>@YLVLRQEDVHG
VXUYHLOODQFH>@KXPDQFRPSXWHULQWHUDFWLRQ>@VXPPDUL]DWLRQRIYLGHR>@DQGFRQWHQWEDVHGUHWULHYDO>@
5HFRJQLWLRQRIGLIIHUHQWDFWLRQVLQYLGHRDUHFRPSOH[SUREOHPGXHWRVHYHUDOUHDVRQVZKLFKPXVWEHDGGUHVVHG
$FWLRQVDUHGRQHLQGLIIHUHQWZD\VDQGGHSHQGHQWRQJHQGHUKHLJKWERG\VKDSHDJHDQGHWF>@+RZHYHUWKHPRVW
LPSRUWDQW FKDOOHQJHV DUH EDFNJURXQG FOXWWHU DQG PRYHPHQW KLJK GLPHQVLRQDOLW\ GDWD LOOXPLQDWLRQ YDULDWLRQV
RFFOXVLRQDQGFKDQJLQJLQYLHZSRLQWV>@6RPHUHVHDUFKHUVKDYHDSSOLHGGLIIHUHQWIHDWXUHH[WUDFWLRQVDQGFODVVLILFDWLRQ
PHWKRGV WR DGGUHVV WKH PHQWLRQHG FKDOOHQJHV> @ ,Q WKH UHDO ZRUOG FKDQJLQJ LQ YLHZSRLQW LV XVXDO DQG
IXQGDPHQWDOO\LQHVFDSDEOHLQWKHDSSOLFDWLRQVEHFDXVHRIFDPHUDPRYLQJDQGFKDQJLQJLQYLHZDQJOH0RVWRIWKH
SXEOLVKHGPHWKRGVLQPXOWLYLHZKXPDQDFWLRQUHFRJQLWLRQKDYHFRQFHQWUDWHGRQWKHSHUIRUPDQFHRIHDFKLQGLYLGXDO
FDPHUD>@+RZHYHUPXOWLYLHZKDVVHULRXVHIIHFWVRQWKHUHFRJQLWLRQUDWHEHFDXVHRIWKHVDPHDFWLRQFDQEHVHHPHG
XQOLNHLQGLIIHUHQWDQJOHRIYLHZVIXUWKHUPRUHWKHKXJHQXPEHURIGDWDKDVWRSURFHVV>@
6RPHZRUNVKDYHXVHGVLOKRXHWWHWRH[WUDFWWKHWHPSRUDO0RWLRQ+LVWRU\,PDJH0+,RU0RWLRQ(QHUJ\,PDJH
0(,>@WRGHFUHDVHWKHGHSHQGHQF\WRWKHYLHZSRLQW>@$SSO\LQJWKHEDJRIZRUGVRQH[WUDFWHGIXWXUHV
ZLWKXVLQJVSDWLDOWHPSRUDOGHVFULSWRUVDQGFODVVLI\LQJXVLQJWKHFODVVLILHUVVXFKDV6XSSRUW9HFWRU0DFKLQH690
RU N1HDUHVW 1HLJKERUV .11 KDV UHSRUWHG LQ VRPH VWXGLHV>@ ,Q XVLQJ EDJRIZRUGV D UDQGRPL]HG WUHH RU
UDQGRPL]HG IRUHVW ZLOO EH DSSOLHG WR SURGXFH D FRGHERRN +RZHYHU EHFDXVH RI XVLQJ PXOWLFDPHUD GDWD IXVLRQ
DFTXLUHGGDWDDUHLQGHSHQGHQWWKXVWKHSHUIRUPDQFHVRIGLVWDQFHEDVHGFODVVLILHUVVXFKDV.11ZLOOEHGHFUHDVHG>@
5HFHQWO\DQH[WHQVLRQRIWKH(/0DOJRULWKPKDVSURSRVHGWRUHFRJQL]HPXOWLYLHZKXPDQDFWLRQUHFRJQLWLRQ>@
,QWKLVPHWKRGDQLWHUDWLYHRSWLPL]DWLRQSURFHVVKDVXVHGWRRSWLPL]HWKHQHXURQZHLJKWVDQGDFWLRQUHSUHVHQWDWLRQ
FRPELQDWLRQZHLJKWV,QWKHSDSHU>@PXOWLYLHZLQVXUYHLOODQFHV\VWHPKDVFRQVLGHUHG,QWKHILUVWVWHSIHDWXUHV
ZKLFKDUHLQFOXGHGORFDOVSDFHWLPHLQWHUHVWSRLQWDQGJOREDOVKDSHIORZIHDWXUHDUHH[WUDFWHG7KHQIRUHDFKDFWLRQ
DK\EULGEDJRIZRUGVPRGHOLVJHQHUDWHG)LQDOO\DYLHZDGDSWLYHGLFWLRQDU\PDSVGDWDIURPVRXUFHDQGWDUJHWIRUD
YLHZLQYDULDQWVSDFHDQGWKHIUDPHZRUNLVH[WHQGHGIRUWKHPXOWLYLHZKXPDQDFWLRQUHFRJQLWLRQ,QWKHSDSHU>@D
PHWKRGEDVHGRQWKHXVLQJZDYHOHWIRUGDWDUHGXFWLRQDQG&IRUWKHFODVVLILFDWLRQKDVSURSRVHG,QWKLVPHWKRGWKH
NH\SRVHVDUHH[WUDFWHGIURPWKHVLOKRXHWWHVDQGPXOWLYLHZIHDWXUHVDUHFUHDWHGXVLQJDFRPELQDWLRQRIWKHIHDWXUHV
,QWKLVSDSHUWRUHFRJQL]HKXPDQDFWLRQGHSLFWHGLQPXOWLYLHZLPDJHVHTXHQFHVZHSURSRVHDPHWKRG,QWKHILUVW
VWHSWKHERUGHURIKXPDQ¶VERG\LVH[WUDFWHGXVLQJDQHGJHGHWHFWLRQWHFKQLTXHWKHQGLVWDQFHVLJQDOLVFDOFXODWHGDQG
DPDWUL[RI IHDWXUHV LV FRPSRVHG WKHQ WKHGLPHQVLRQDOGLVFUHWHZDYHOHW WUDQVIRUPLVDSSOLHG WRUHGXFH WKHKLJK
GLPHQVLRQDOLW\RIGDWD&RPELQDWLRQRIVLQJOHYLHZIHDWXUHVFRPSRVHPXOWLYLHZIHDWXUHV)LQDOO\LQWKHFODVVLILFDWLRQ
VWHSDKLHUDUFKLFDOFODVVLILHUFRPELQHV690DQG1DwYH%D\HVFODVVLILHUUHFRJQL]HVWKHDFWLRQV7KLVPHWKRGLQFUHDVHV
WKHLQGHSHQGHQF\IURPWKHYLHZSRLQWYLGHRFRQWHQWDQGLPDJLQJFRQGLWLRQV)ROORZLQJWKLVSDSHUVHFWLRQH[SODLQV
WKHSURSRVHGPHWKRGVHFWLRQH[SODLQVH[SHULPHQWVHWXSDQGUHVXOWV)LQDOO\VHFWLRQFRQFOXGHVWKHSDSHU
3URSRVHGPHWKRG
0XOWLYLHZ IHDWXUHV FDQ EH FUHDWHG E\ FRPELQDWLRQ RI WKH VLQJOHYLHZ IHDWXUHV )LUVW VLQJOHYLHZ IHDWXUHV DUH
H[WUDFWHG7KHQDZDYHOHWWUDQVIRUPLVDSSOLHGWRH[WUDFWDSSUR[LPDWLRQFRHIILFLHQWV)LQDOO\FRPELQDWLRQRIVLQJOH
YLHZIHDWXUHVJHQHUDWHVPXOWLYLHZIHDWXUHV,QWKLVVHFWLRQWKHH[WUDFWLQJPXOWLYLHZIHDWXUHVXVLQJGLVWDQFHVLJQDO
DQGFODVVLILFDWLRQXVLQJKLHUDUFKLFDOFODVVLILFDWLRQDUHH[SODLQHG
2.1. Extract high dimension single-view features  
+XPDQERG\SRVHFDQEHSUHVHQWHGXVLQJERUGHURIKXPDQ¶VERG\RUFRQWRXUSRLQWV7KHERUGHURIKXPDQ¶VERG\
VLOKRXHWWH FRQWRXU SRLQWV DUH H[WUDFWHG WR FRPSRVH DPDWUL[ RI WHPSRUDO IHDWXUHV RI DFWLRQV7KH ERUGHU FDQ EH
H[WUDFWHGXVLQJDQHGJHGHWHFWLRQWHFKQLTXHIURPWKHLPDJHRUELQDU\VLOKRXHWWHRILPDJHV7KLVLVDVVXPLQJWKHELQDU\
VLOKRXHWWHLVH[WUDFWHGXVLQJDWHFKQLTXHVXFKDVEDFNJURXQGVXEWUDFWLRQ&RQWRXUSRLQWVDUHQRWFRPSOHWHO\FKDQJLQJ
ZLWKFKDQJHLQYLHZSRLQWDQGWKH\DUHQRWVHQVLWLYHWROLJKWFKDQJLQJ>@&RQWRXUSRLQWVDUHH[WUDFWHGVLPLODUWRWKH
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ZRUN>@+RZHYHUWKH\DUHFDOFXODWHGXVLQJHGJHGHWHFWLRQWHFKQLTXHDQGIHDWXUHVDUHH[WUDFWHGGLUHFWO\XVLQJ
ZDYHOHWWUDQVIRUP
)LUVWDERXQGLQJER[LVDSSOLHGRQH[WUDFWHGVLOKRXHWWHDQGWRUHPRYHWKHXQQHFHVVDU\DUHDDQGWROHVVHQWKHQXPEHU
RISURFHVVLQJSL[HOV7KHQWKHVLOKRXHWWHVDUHUHVL]HGLQXQLTXHVL]HWRKDYHDVDPHVL]HRIVLOKRXHWWH$WWKDWSRLQW
WKHLQVLGHKROHVDQGUHJLRQVDUHILOOHG,QWKHVHFRQGVWHSWKHERUGHUDURXQGWKHVLOKRXHWWHLVH[WUDFWHGXVLQJDQHGJH
GHWHFWLRQWHFKQLTXH2QWKHRWKHUVLGHLQWKLVVWHSDELQDU\LPDJHZKLFKRQO\FRQVLVWVRIERUGHUVLVREWDLQHG)LJ
VKRZVWKHPDLQILUVWVWHSVRIIHDWXUHH[WUDFWLRQSURFHVV)LJDVKRZVDVDPSOHIUDPHLQ,;0$6IRUDQDFWRUZKR
GRHVWZRGLIIHUHQWDFWLRQVDQG)LJELQGLFDWLRQVWKHH[WUDFWHGVLOKRXHWWH)LJFVKRZVDSSOLHGERXQGLQJER[WKH
KROHVKDYHEHHQVKRZQE\WKHDUURZVDQG)LJGGLVSOD\VH[WUDFWHGVLOKRXHWWHDIWHUUHPRYLQJWKHKROHV)LQDOO\)LJ
HLOOXVWUDWHVWKHH[WUDFWHGERUGHU,QWKHWKLUGVWHSFHQWUHRIPDVVܥ௠ ൌ ሺݔ௖ǡ ݕ௖ሻLVFDOFXODWHGXVLQJHTXDWLRQ
  
n n
i ii i
c c
x y
x y
n n
    ¦ ¦  
,QWKHIRXUWKVWHSWKHGLVWDQFHEHWZHHQHDFKFRQWRXUSRLQWDQGWKHFHQWUHRIPDVVLVFDOFXODWHGWKHQDVLJQDORI
GLVWDQFHIRUHDFKIUDPHLVPDGHEDVHGRQHTXDWLRQ
^ `     ZKHUHn i mDS d d d d c p }     
:KHUHDS LV VLJQDOGLVWDQFHܿ௠LQGLFDWHV WKHFHQWUHRIPDVV DQGp LV FRXQWHUSRLQW ,Q WKLVSDSHU WKHFRXQWHU
FORFNZLVHRUGHUIURPWKHPRVWULJKWSRLQWLVFKRVHQWRHVWDEOLVKWKHGLVWDQFHVLJQDO&RQVHTXHQWO\DYHFWRURIIHDWXUHV
LVFUHDWHGIRUHDFKIUDPH
,QWKHILIWKVWHSEDVHGRQWKHQXPEHURI IUDPHVLQHDFKDFWLRQDPDWUL[RI VLQJOHYLHZIHDWXUHVLVFUHDWHG7KH
QXPEHURIURZVLQWKHPDWUL[UHODWHGWRQXPEHURIIUDPHVRIWKHDFWLRQLQWKHYLGHR7KHQXPEHURIFRQWRXUSRLQWVLQ
HDFK IUDPHFDQEHGLIIHUHQW IURPRWKHU IUDPHV WKXV WKHQXPEHURIFROXPQV LQGLIIHUHQW URZVRIDQDFWLRQFDQEH
GLIIHUHQW0D[LPXPOHQJWKRIYHFWRUVLVFKRVHQDVWKHIL[HGYDOXHIRUWKHVHFRQGGLPHQVLRQRIWKLVPDWUL[7KHYHFWRU
ZLWKIHZHUVL]HWKDQWKHPD[LPXPLVILOOHGZLWK]HUR6XSSRVHDQDFWLRQKDVFDSWXUHGLQIUDPHVDQGWKHPD[LPXP
QXPEHURIWKHFRXQWHUSRLQWVDUHWKXVWKHH[WUDFWHGIHDWXUHVPDWUL[KDVHOHPHQWV7RFRPSRVHPXOWLYLHZ
IHDWXUHVIURPYLHZVWKHQXPEHURIH[WUDFWHGIHDWXUHVDUH+HQFHH[WUDFWHGIHDWXUHVKDYHKLJKGLPHQVLRQDOLW\
DQGGHFUHDVHWKHFODVVLILFDWLRQSHUIRUPDQFH,QWKHQH[WVWHSDZDYHOHWLVDSSOLHGWRGHFUHDVHWKHQXPEHURIIHDWXUHV
2.2. Extract efficient multi-view feature using wavelet transform 
:DYHOHWFDQEHXVHGIRUDQDO\VLVVLJQDOVDQGYDULDWLRQVRIYDOXHVLQGLIIHUHQWVXEMHFWVXFKDVELRORJ\ILQDQFLDO
PDUNHWDQGHQJLQHHULQJ>@7KHPDLQLGHDRIWKHZDYHOHWWUDQVIRUPLVWRUHSUHVHQWDQDUELWUDU\IXQFWLRQEDVHGRQ
 
Fig. 1. First steps of feature extraction; (a) sample of images in dataset IXMAS; (b) extracted silhouette; (c) cropped silhouette include holes;       
(d) after removing holes and (e) extract the borders. 

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WKHORFDOL]HGRULJLQIXQFWLRQVDVDVXPPDWLRQRIZHLJKWVRIVRPHIXQFWLRQV7KHORFDOL]HGRULJLQIXQFWLRQLVDYHUVLRQ
RIVFDOHGDQGWUDQVODWHGRIVRPHGHILQHGPRWKHUZDYHOHWV7KLVUHVXOWLVFRQVLGHUHGDVGHFRPSRVLQJRIIXQFWLRQLQ
GLIIHUHQW OHYHOV 7KHUH DUH GLIIHUHQW YHUVLRQV RI FRQWLQXLQJ DQG GLVFUHWH ZDYHOHW WUDQVIHU 7KH PXOWL UHVROXWLRQ
FKDUDFWHULVWLFDQDO\VHWKHVLJQDOVLQGLIIHUHQWIUHTXHQF\EDQGV6LJQDOVDUHDQDO\VHGLQWLPHIUHTXHQF\GRPDLQZLWK
ZDYHOHWWUDQVIRUP&RPSDUHZLWKWKHVLPLODUDQDO\VLVLPSURYHGDSSUR[LPDWLRQRIVLJQDOVDQGGLUHFWDFFHVVLQJWRWKH
KLGGHQLQIRUPDWLRQDUHSURYLGHGLQZDYHOHWWUDQVIRUP>@
7KH GLPHQVLRQDO GLVFUHWH ZDYHOHW WUDQVIRUP ':7 GHFRPSRVHV WKH ' LQSXW LQWR  VXE EDQGV LQFOXGH 
DSSUR[LPDWLRQDQGWKHGHWDLOVXEEDQGVLQWKHYHUWLFDOKRUL]RQWDODQGGLDJRQDOGLUHFWLRQV,QDGGLWLRQWKLVSURFHGXUH
FDQ EH UHSHDWHG WR DUELWUDU\ QXPEHU RI OHYHOV WR DFKLHYH WKH PXOWLUHVROXWLRQ UHSUHVHQWDWLRQ RI WKH GDWD 6RPH
UHVHDUFKHUVKDYHVXFFHVVIXOO\DSSOLHGZDYHOHWWUDQVIRUPIRUGLPHQVLRQDOLW\UHGXFWLRQ>@$VLWPHQWLRQHGLQ
SUHYLRXVSDUWWKHH[WUDFWHGVLQJOHYLHZIHDWXUHVKDVDKLJKGLPHQVLRQDO6XEVHTXHQWO\':7LVDSSOLHGWRFDOFXODWH
WKH FRHIILFLHQW DSSUR[LPDWLRQ RI WKH H[WUDFWHG DFWLRQPDWUL[ 7KHQ WKHn PD[LPXP FRHIILFLHQW DUH FKRVHQ DV WKH
UHGXFHG IHDWXUHV )LQDOO\ WKH REWDLQHG VLQJOHYLHZ FRHIILFLHQW DUH FRPELQHG WR FUHDWHPXOWLYLHZ YHFWRU IRU HDFK
DFWLRQ
2.3. Hierarchical multi-class classifier 
&ODVVLILFDWLRQLVRQHRIWKHVLJQLILFDQWLVVXHVLQSDWWHUQUHFRJQLWLRQSUREOHPVVXFKDVDFWLRQUHFRJQLWLRQ'LIIHUHQW
DOJRULWKPVKDYHSURSRVHGIRUWKHFODVVLILFDWLRQSUREOHPVXFK DV6901HXUDO1HWZRUN1DwYH%D\HV1%690
SURYLGHPRUHFRUUHFWGHWHFWLRQIRUXQVHHQGDWDILQGLQJRSWLPDOVROXWLRQIRUWKHWUDLQGDWDDQGKDYLQJOHVVSDUDPHWHUV
FRPSDUHGZLWKRWKHUPHWKRGV>@7KH1%LVVLPSOHDQGKDVDJRRGSHUIRUPDQFHDQGHIIHFWLYHFRPSXWDWLRQLQPDQ\
DUHD>@,QWKLVSDSHUDKLHUDUFKLFDOFODVVLILHUXVLQJERWK690DQG1%LVSURSRVHGDVWKHPXOWLFODVVKLHUDUFKLFDO
FODVVLILHU
,QVXSHUYLVHGOHDUQLQJIRUSDWWHUQUHFRJQLWLRQ690LVRQHRIWKHPRVWSRSXODUGLVFULPLQDWLYHVXSHUYLVHGFODVVLILHU
690HDVLO\KDQGOHVWKHRYHUILWWLQJLQH[LVWLQJVPDOOQXPEHURIVDPSOHV>@690LVDPDUJLQEDVHGFODVVLILHUZKLFK
WULHVWRLVRODWHGLQSXWGDWDLQWRFODVVHV7KHRSWLPDOK\SHUSODQHIRUWKHPDUJLQVLVWKHRQHWKDWPD[LPL]HVHSDUDWLRQ
EHWZHHQFODVVHV$OWKRXJK690FODVVLILHUKDVGHYHORSHGWRFODVVLI\WZRFDWHJRU\GDWDEXWVRPHH[WHQVLRQRI690
LVSURSRVHGWRFRPELQH690DQGFRPSRVHPXOWLFODVV690>@6RPHPXOWLFODVV690DSSURDFKHVDUHRQH
DJDLQVWUHVW>@RQHDJDLQVWRQH>@GDJVYP>@DQGHFRFVYP>@2QHRIWKHGLVDGYDQWDJHVRIWKHRQHDJDLQVW
UHVWWHFKQLTXHLVKDYLQJSUREOHPWRPDQDJHWKHXQEDODQFHGGDWD,QWKLVILHOGEHFDXVHWKHQXPEHURIWUDLQLQJVDPSOH
RIRQHFODVVLVPRUHOHVVFRPSDUHWRQXPEHURIVDPSOHRIRWKHUFODVVHVVRRQHDJDLQVWUHVWWHFKQLTXHGRHVQRWKDYH
HQRXJKHIILFLHQF\)RUH[DPSOHLQWKHFDVHRIDFWLRQVWKHUDWHRI³´ODEHOFRPSDUHWR³´LVWLPHV$OWKRXJK
XVLQJDKLHUDUFKLFDOPRGHOKDVDORZFRPSXWDWLRQWLPHEXWLIWKHVXEJURXSLQJKDYHDVPDOOYDULDWLRQLQILUVWVWDJHLW
ZLOOOHDGWRVWURQJHIIHFWRQWKHILQDOUHVXOW
7KH1%FODVVLILHULVRQHRIWKHVLPSOHFODVVLILHUVZKLFKLVEDVHGRQ%D\HVWKHRU\7KLVFODVVLILHULVDVLPSOHFODVVLILHU
ZLWKKLJKSHUIRUPDQFHRQVRPHGRPDLQDQGHIILFLHQWFRPSXWDWLRQ>@1%DSSO\WKHHIIHFWLYHSUREDELOLVWLFPHWKRG
IRUWKHFODVVLILFDWLRQDQGFRQVLGHUVDVVXPSWLRQRILQGHSHQGHQF\RIIHDWXUHV$OWKRXJKLQGHSHQGHQF\DVVXPSWLRQRI
IHDWXUHVLVSRRUDVVXPSWLRQIRU1%EXWLQSUDFWLFH1%KDVZHOOFRPSDUHWRRWKHUFODVVLILHU>@
2.3.1. Hierarchical classifier 
,Q WKLV SDSHU D KLHUDUFKLFDO FODVVLILHU XVLQJ 690 DQG 1% LV SURSRVHG WR PDNH DQ DFFXUDWH FODVVLILHU 8VLQJ
KLHUDUFKLFDOLVDQHIILFLHQWWHFKQLTXHEXWVHSDUDWLQJGDWDLQWRWZRFDWHJRU\LVDQLPSRUWDQWLVVXH0RVWVWXGLHVKDV
DSSOLHGXQVXSHUYLVHGNPHDQVFOXVWHULQJWRILQGWKHEHVWJURXSLQJRIODEHOV>@.PHDQVXVHVDUDQGRPLQLWLDOL]DWLRQ
DQGQRWUREXVWLQWKLVSDSHUWKHSURSRVHG*'$*URXS'DWD$OJRULWKPDOJRULWKPLQ)LJDLVDSSOLHGWRILQGWKH
EHVWJURXSPHPEHUV7KLVDOJRULWKPH[DPLQHVDOOSRVVLEOHVWDWHVDQGWKHEHVWJURXSLQJPRGHOUHWXUQHGDVWKHUHVXOW
6XSSRVHDFWLRQVVKRXOGEHVHSDUDWHGLQWRJURXSVRIDFWLRQV7KHSURSRVHGDOJRULWKPH[DPLQHVDOOWKHSRVVLEOH
VHSDUDWLRQZLWKPHPEHUV)RUWKHH[DPLQDWLRQDPRGHOEDVHGRQWKHELQDU\FODVVLILHULVFUHDWHGXVLQJWUDLQLQJGDWD
DQG WKHDFFXUDF\RIFRUUHFWGHWHFWLRQ LVFRQVLGHUHGDV WKHSHUIRUPDQFHPHDVXUHPHQW)LQDOO\ WKHPRGHOZLWKKLJK
DFFXUDF\UHWXUQVWKHJURXSPHPEHUV
7KH*'$LVDSSOLHGRQWKHWUDLQLQJGDWDIRULWHUDWLRQVDQGILQDOO\WKHPRVWUHSHDWHGODEHOVLQHDFKJURXSDUH
FKRVHQDVWKHJURXSODEHOV2XUH[SHULPHQWKDVVKRZQWKDWDIWHUWKHILUVWOHYHOJURXSLQJRIODEHOVDSSO\LQJWKH690
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FODVVLILHUIRUQH[WOHYHOGRHVQRWPDNHKLJKDFFXUDF\EHFDXVHWKHGDWDLQRQHJURXSLVPRVWO\VLPLODU:HKDYHJRW
WKHEHVWUHVXOWDIWHUDSSO\LQJWKHELQDU\1%FODVVLILHU%\XVLQJWKH*'$DQGXVLQJELQDU\1%WZRJURXSVRIDFWLRQV
VHSDUDWHGWRVXEJURXSV)LQDOO\WKHVHIRXUVXEJURXSVVHSDUDWHO\FODVVLILHGXVLQJWKHJHQHUDO1%FODVVLILHU)LJE
VKRZVWKHSURSRVHGKLHUDUFKLFDOFODVVLILHU,QWKHURRWRIELQDU\WUHHDELQDU\690FODVVLILHULVDSSOLHGWRVHSDUDWHGDWD
LQWZRJURXSVRIDFWLRQV7KHQEDVHGRQWKHUHVXOWRIURRWDELQDU\1%LVDSSOLHGWRUHFRJQL]HWKHVXEJURXSWR
)LQDOO\LQQH[WOHYHODJHQHUDO1%UHFRJQL]HVWKHDFWLRQV
([SHULPHQWDOVHWXS
6HYHUDOH[SHULPHQWVZHUHPDGHXVLQJ,;0$6IRUWKHSHUIRUPDQFHHYDOXDWLRQV7RFRPSDUHWKHUHVXOWZLWKRWKHU
SXEOLVKHGSDSHUGLIIHUHQWQXPEHURIYLHZVDQGDFWLRQVDUHFRQVLGHUHG
3.1. IXMAS dataset 
7KHPRVW SRSXODU GDWDVHW RQ WKHPXOWLYLHZKXPDQ DFWLRQ UHFRJQLWLRQ ILHOGZKLFK XVHG DV EHQFKPDUN LV WKH
,;0$6 GDWDVHW >@ 7KHPXOWLYLHZ YLGHRV LQ WKLV GDWDVHW KDYH FDSWXUHG LQ  GLIIHUHQW DQJOHV XVLQJ  VWDQGDUG
FDPHUDV>@7KLVGDWDVHWLQFOXGHDFWLRQVODEHOHGDVQRWKLQJFKHFNZDWFKFURVVDUPVVFUDWFKKHDG
VLWGRZQJHWXSWXUQDURXQGZDONZDYHSXQFKNLFNSRLQWSLFNXS±WKURZ
RYHUKHDG±WKURZIURPWKHERWWRPXS7KHUHDUHDFWRUVSHUIRUPWKHVHDFWLRQVHDFKDFWRUGRHVDOODFWLRQVLQ
WLPHV DQG WKH SHUIRUPHG DFWLRQV DUH UHFRUGHG IURP  GLIIHUHQW DQJOHV 7KLV GDWDVHW SURYLGHV VLOKRXHWWHV RI DOO
VHTXHQFHV 7KH DFWRU LV DVNHG WR SHUIRUP WKH DFWLRQ ZLWKRXW DQ\ OLPLWDWLRQ RQ WKH VHOHFWLQJ WKHLU SRVLWLRQ DQG
RULHQWDWLRQ+HQFHUHFRJQLWLRQGLIILFXOW\LVLQFUHDVHGDQGIL[HGYLHZPHWKRGVDUHQRWDSSOLFDEOHIRUWKLVGDWDVHW>@


)LJ(a) GDA Algorithm to separate 12 actions into two-category; (b) The structure of the proposed classifier
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3.2. Experiment Steps  
%DVHGRQWKHH[SODLQHGPHWKRGLQVHFWLRQPXOWLYLHZIHDWXUHVRIDOOVHTXHQFHVDUHH[WUDFWHG,QWKLVVWHSDIWHU
GLIIHUHQWH[DPLQDWLRQµGE¶DQGOHYHOVRIGHFRPSRVLWLRQDUHFKRVHQ$IWHUUHVKDSLQJWKHFRHIILFLHQWPDWUL[WKH
PD[LPXPIHDWXUHVDUHVHOHFWHGDVWKHUHGXFHGPXOWLYLHZIHDWXUHV7KH*'$LVDSSOLHGWLPHVDQGWKHEHVWJURXSLQJ
RIDFWLRQVKDVVKRZQEDVHGRQgroup1= (1, 4, 5, 6, 7, 12)DQGgroup2= (2, 3, 8, 9, 10, 11)7KHVXEJURXSV(sg)DUH
FUHDWHGLQWKHVDPHZD\DVsg1= (1, 6, 7)sg2= (4, 5, 12), sg3=(2, 3, 8)  and sg4=(9, 10, 11).)LQDOO\VLPLODUWR
RWKHUVWDWHRIDUWSDSHUVOHDYHRQHDFWRURXWFURVVYDOLGDWLRQLVFKRVHQWRWHVWWKHPHWKRG
5HVXOWVDQGGLVFXVVLRQ
7KHH[SHULPHQWLVSHUIRUPHGWLPHVDQGWKHDYHUDJHRIWKHUHVXOWLVFDOFXODWHGIRUFRPSDULVRQ$IWHUDSSO\*'$
JURXSLQFOXGHDFWLRQVµFKHFNZDWFK¶µVLWGRZQ¶µJHWXS¶µWXUQDURXQG¶µZDON¶DQGµSLFNXS¶,QDGGLWLRQJURXS
LQFOXGHµFURVVDUPV¶µVFUDWFKKHDG¶µZDYH¶µSXQFK¶µNLFN¶DQGµSRLQW¶
,QWKHQH[WVWHSWKHH[SHULPHQWLVHYDOXDWHGXVLQJDFWLRQVDQGYLHZV:HVNLSWKHDFWLRQµSRLQW¶DQGWKHYLHZ
DQJOHRIµWRSVLGHYLHZ¶WRKDYHWKHVDPHDVLQSDSHU>@
7KH³SRLQW´LVHOLPLQDWHGIURPWKHDFWLRQLQWKHQH[WH[SHULPHQWZKLFKLVXVLQJDFWLRQVEXWZLWKDOOYLHZV
VLPLODUWR>@,QODVWHYDOXDWLRQWKHWRSVLGHYLHZDQJOHLVHOLPLQDWHGWRFRPSDUHZLWKWKHSDSHU7RGRWKH
H[SHULPHQWZLWKDFWLRQVWKH*'$LVDSSOLHGVLPLODUWRDFWLRQV7KLVDOJRULWKPILQGVWKHEHVWVHSDUDWLRQLQFOXGH
DQGDFWLRQV)XUWKHUPRUHWKHSURSRVHGPHWKRGKDVWKHPD[LPXPDFFXUDF\FRPSDUHWRRWKHUPHWKRGV7KHWHVW
DQGWUDLQGDWDDUHEDVHGRQWKHRQHDFWRURXWFURVVYDOLGDWLRQ,QRWKHUZRUGSURSRVHGPHWKRGLVDFWRULQYDULDQW)LJ
DQG7DEOHVKRZWKHFRPSDULVRQEHWZHHQSURSRVHGPHWKRGDQGRWKHUV7KHUHVXOWVVKRZWKDWWKHSURSRVHGPHWKRG
KDVKLJKHUUHFRJQLWLRQFRPSDUHGWRRWKHUV
$W WKH HQG RI RXU H[SHULPHQW IRU  DFWLRQV ZH LQFUHDVH QXPEHU RI DQJOHV IURP  WR  YLHZV 7KH DYHUDJH
SHUFHQWDJHIRUDFWLRQVZLWKYLHZVLVDERXW7KLVUHVXOWHYHQEHWWHUWKDQWKRVHSXEOLVKHGSDSHULQ>
@ZKHUHWKHLUQXPEHURIDFWLRQZDVRQO\DQGQXPEHUVRIDQJOHVDUHRU5HVXOWLQ>@JDYHKLJKHUUHFRJQLWLRQ
EXWWKHQXPEHUVRIDQJOHVLVRQO\


7DEOH&RPSDULVRQRIUHFRJQLWLRQDFFXUDF\EHWZHHQSURSRVHGPHWKRGVZLWKRWKHUPXOWLYLHZPHWKRGV
,QGH[           Papers $FWLRQV1XPEHU
9LHZV
QXPEHU
5HFRJQLWLRQ
5DWH
 3URSRVHGPHWKRG   
 0HWKRGLQ[12]   
3 3URSRVHGPHWKRG 11 4 90.62 
 0HWKRGLQ[10]   
5 0HWKRGLQ[11]   
 0HWKRGLQ[44] 11  
7 3URSRVHGPHWKRG   88.09 
 0HWKRGLQ[45]   
 3URSRVHGPHWKRG 12 5 88.22 
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&RQFOXVLRQV
7KH PDLQ JRDO RI WKH YLVLRQEDVHG DFWLRQ UHFRJQLWLRQ LV UHFRJQL]LQJ KXPDQ DFWLRQV DXWRPDWLFDOO\ XVLQJ WKH
VHTXHQWLDOIUDPHVRIDQDFWLRQ,QWKLVSDSHUDPHWKRGLVSUHVHQWHGZKLFKH[WUDFWVPXOWLYLHZIHDWXUHVIURPWKHERUGHU
RIWKHKXPDQERG\¶VVLOKRXHWWHDQGDSSOLHVWKHGLVFUHWHZDYHOHWWRJHWWKHDSSUR[LPDWLRQFRHIILFLHQWRIWKHH[WUDFWHG
GLVWDQFHVLJQDO&RPSDUHGWRRWKHUPHWKRGVWKHSURSRVHGPHWKRGVLPSOLI\WKHFODVVLILFDWLRQSURFHVVZKHUHWKHQRLV\
VDPSOHVDUH ILOWHUHGDQGQXPEHURI UHIHUHQFHSDWWHUQVDUH VLJQLILFDQWO\UHGXFHG 7KHZDYHOHW LVXVHG WRREWDLQ WKH
VXLWDEOHIHDWXUHVIURPWKHH[WUDFWHGGDWDOHDGWRUHGXFHWKHHIIHFWRIQXPEHURIIUDPHVE\HDFKDFWLRQ$IWHUDSSO\LQJ
':7HDFKWHPSRUDODFWLRQLVPRGHOHGVLPSO\LQWKHYHFWRURIIHDWXUHVZKLFKLVXVHGIRUWKHUHFRJQLWLRQ)LQDOO\D
KLHUDUFKLFDO FODVVLILHUZKLFK LVFRPSRVHGE\690DQG1% VXFFHVVIXOO\ UHFRJQL]H WKHDFWLRQV)XUWKHUXVLQJ WKH
KXPDQERG\¶VERUGHUDQGDSSO\WKHZDYHOHWWRH[WUDFWWKHDSSUR[LPDWLRQFRHIILFLHQWUHGXFHVWKHHIIHFWRIFKDQJHLQ
YLHZDQGLQFUHDVHWKHUDWHRIDFFXUDF\LQPXOWLYLHZKXPDQDFWLRQUHFRJQLWLRQ7KHUHVXOWRIWKHH[SHULPHQWVKRZV
WKHSURSRVHGPHWKRGKDVDKLJKUHFRJQLWLRQUDWHFRPSDUHZLWKRWKHUSXEOLVKHGPHWKRGLQPXOWLYLHZ,QDGGLWLRQWKH
PHWKRGLVUREXVWWRWKHZD\WKDWDFWLRQLVSHUIRUPHGE\GLIIHUHQWDFWRUVDQGWKLVPHWKRGLVDFWRULQYDULDQFH
$FNQRZOHGJHPHQWV
7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH WKH0LQLVWU\ RI (GXFDWLRQ0DOD\VLD 02( IRU IXQGLQJ WKLV UHVHDUFK SURMHFW WKURXJK
)XQGDPHQWDOV5HVHDUFK*UDQW6FKHPH)5*6>5HI)5@
5HIHUHQFHV
.KDQ=$6RKQ:$EQRUPDOKXPDQDFWLYLW\UHFRJQLWLRQV\VWHPEDVHGRQ5WUDQVIRUPDQGNHUQHOGLVFULPLQDQWWHFKQLTXHIRUHOGHUO\KRPHFDUH
&RQVXPHU(OHFWURQLFV,(((7UDQVDFWLRQVRQS
5HJD]]RQL&6&DYDOODUR$:X<.RQUDG-+DPSDSXU$9LGHRDQDO\WLFVIRUVXUYHLOODQFH7KHRU\DQGSUDFWLFH>IURPWKHJXHVWHGLWRUV@6LJQDO
3URFHVVLQJ0DJD]LQH,(((S
6DOLJUDPD9.RQUDG--RGRLQ309LGHRDQRPDO\LGHQWLILFDWLRQ6LJQDO3URFHVVLQJ0DJD]LQH,(((S
%DUU31REOH-%LGGOH59LGHRJDPHYDOXHV+XPDQ±FRPSXWHULQWHUDFWLRQDQGJDPHV,QWHUDFWLQJZLWK&RPSXWHUVS
&KRL-&KR<,+DQ7<DQJ+6$YLHZEDVHGUHDOWLPHKXPDQDFWLRQUHFRJQLWLRQV\VWHPDVDQLQWHUIDFHIRUKXPDQFRPSXWHULQWHUDFWLRQLQ
9LUWXDO6\VWHPVDQG0XOWLPHGLD6SULQJHU
&KDQJ6)7KHKRO\JUDLORIFRQWHQWEDVHGPHGLDDQDO\VLV0XOWL0HGLD,(((S
&DVWDQRQ* 6DOLJUDPD9&DURQ$/ -RGRLQ 3 5HDO7LPH$FWLYLW\ 6HDUFK RI 6XUYHLOODQFH9LGHR LQ$GYDQFHG9LGHR DQG 6LJQDO%DVHG
6XUYHLOODQFH$966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Fig. 3. Comparison on percentage of recognition rate 
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